Adolescence and emerging adulthood form a critical time period for the achievement of optimal health and nutrition across all stages of the life course. We undertook a review of published literature and global data repositories for information on nutrition levels, trends, and patterns among young people aged 10-24 years from January 1, 2016 to September 20, 2016. We describe patterns for both males and females at the global level and for geographic regions for the period covering 1990-2015. The results of this study paint a less than ideal picture of current young people's nutrition, suggesting dual burdens of underweight and high body-mass index in many countries and variable improvements in micronutrient deficiencies across geographical regions. Poor diet diversity and lack of nutrientdense food, high risk for metabolic syndrome, and sedentary lifestyles also characterize this population. The need for objective, comparable, and high-quality data is also recognized for further study in this area. As the global community works toward supporting and scaling up health gains in the sustainable development goal era, realizing the critical role of young people is essential. Investing in young people's nutrition is critical to making strides in improving the overall health and well-being of all populations.
Introduction and background
Nutrition forms the foundation for human health and development across all stages of the life course. 1 From the earliest phases of fetal life to old age, it shapes and influences survival, physical and mental development, economic productivity, and overall healthy living. 2 Today, almost one in three people on the planet grapple with a lack of adequate nutrition, making this one of the most devastating problems to face the global community. 3, 4 As an important and underlying cause of mortality and morbidity, micronutrient malnutrition affects nearly two billion people worldwide, and 161 million children under the age of 5 are known to be too short for their age. [4] [5] [6] Together, undernutrition and overnutrition overwhelm both impoverished and industrialized nations and threaten the progress and achievement of a variety of global health targets. 4, 7 The health and nutritional status of adolescents aged 10-19 years and emerging adults aged 20-24 years (hereafter referred to as young people or adolescents for simplicity) has seen limited improvement over the past 50 years. [8] [9] [10] Commonly regarded as a healthy stage of life, the period of adolescence is characterized by profound physical growth and development, which is heavily influenced by an individual's social, economic, and cultural environment. 8, 10 Consequences of exposures during this critical period traverse the transitional stage between childhood and adolescence well into early adulthood and later life. Yet to date, adolescents have been largely neglected in the public health agenda. In fact, modest efforts have been made to address threats to adequate nutrition in this age group. 11 However, as a vulnerable population that presents opportunities for improved health doi: 10.1111/nyas. 13336 and nutrition at all stages of the life cycle, there are many reasons to bring adolescents into greater focus.
With a worldwide population of 1.8 billion people, adolescents represent the largest cohort of young people in history. 8, 12 Coinciding with improvements in health and disease in infancy and early childhood, the growing population of adolescents has profound implications for the health and well-being of the future adult population. Various cardiometabolic risk factors in adolescents, including obesity, increased body-mass index, and high glucose levels, have been shown to be associated with early onset of chronic conditions in adulthood as well as premature mortality. 13, 14 Therefore, as the relationship between early nutrition and risks for chronic disease development in later life becomes clearer, so too does the critical role of adolescents. Recently, adolescence has also been identified as a period of potential interest for correcting nutritional inadequacies and insufficient growth from childhood. 15, 16 Many children living in low-resource settings enter the adolescent period underweight, stunted, or malnourished. 15 Adequate nutrition in adolescence is important for both current and future health, as this period is perhaps the only window of opportunity for the catch-up nutrition needed to prevent a vicious intergenerational effect of malnourishment. 15, 16 Although a greater attempt at understanding and studying population nutrition has been made in recent years, few studies have assessed global and regional trends in the nutrition of adolescents. These data are important for agenda setting for this vulnerable group as we hasten toward sustaining and scaling up health gains in the sustainable development goal period. The objective of this analysis is therefore to fill this gap and describe current levels, trends, and patterns in nutritional status, nutritionrelated behaviors, and the impact on reproductive health among young people globally and by geographical region.
Methods
We undertook a review of global data repositories for information on nutrition levels, trends, and patterns among young people between 10 and 24 years of age from January 1, 2016 to September 20, 2016 . Key areas of interest included anthropometric nutrition outcomes (e.g., underweight, overweight/obesity, stature), nutritional deficiencies (e.g., iodine, iron), metabolic risk factors and diabetes, dietary risk factors (e.g., protein energy malnutrition, low fruit and vegetable consumption), diet diversity and food insecurity, and behavioral risk factors (e.g., low physical activity). Our search retrieved three primary data sources that had unique, pertinent, and objective global, regional, and/or national adolescent nutritionspecific data estimates. These included the Global Health Observatory Data Repository, the Global School-based Student Health Survey, and the Global Burden of Disease (GBD) study (2015) housed at the Institute for Health Metrics and Evaluation. [17] [18] [19] When available, we present GBD estimates, as these are current and comprehensive and provide robust national and regional level estimates. When the GBD did not have data for indicators of interest, we supplemented it with the other two sources and a literature review, as required. A summary of relevant indicators and definitions as utilized in this study are included in Box 1. We present prevalence data or disability-adjusted life years (DALYS) per 100,000 people. DALYs are the sum of years of life lost and years of life living with disability owing to a particular condition, and thus higher DALY rates can be interpreted as a more severe burden of disease in the population. We present data at the global level, by World Health Organization (WHO) region (Africa, Eastern Mediterranean, Europe, Americas, Southeast Asia, and Western Pacific) or GBD super region (Central Europe/Eastern Europe/Central Asia, Latin America/Caribbean, Middle East and North Africa (MENA), South Asia, Southeast Asia/East Asia/Oceania, and Sub-Saharan Africa), and by country as data permitted. Our analyses focus on current best estimates (from 2009 onward) or trends from 1990 to 2015 when available.
We also conducted a scoping review of peerreviewed literature on Medline (via the OVID platform) and Google Scholar using MeSH terms and broad search terms that included studies of adolescent nutrition (e.g. "youth" OR "young adults" OR "adolescen*" OR "health" OR "nutrit*"). We limited the search to those studies published in English and from 1990 onward to retrieve the most recent analyses only. Additionally, using similar search parameters, we conducted a gray literature review of recent publications and reports using Google and relevant organizational websites (i.e., UNICEF, the 
GBD, 2015
Iron deficiency Hemoglobin, measured in g/L. Theoretical minimum-risk exposure distribution: country specific.
Iodine deficiency Congenital iodine-deficiency syndrome, iodine deficiency-related thyroid disorders, and allied conditions and subclinical iodine-deficiency hypothyroidism.
Iron-deficiency anemia
Iron deficiency anemia (including anemia asiderotic and anemia hypochromic); and anemia, unspecified.
Other nutritional deficiencies WHO, the World Bank, the United Nations Population Fund, the Nestle Nutrition Institute, and the National Academy of Science).
Results and discussion
Anthropometric nutrition outcomes and stature Trends in the past four decades have shown a substantial increase in childhood overweight and obesity in most high-income countries. Lowand middle-income countries illustrate similar trends, alongside continuously high levels of undernutrition. 20 While national-level data for children under 5 have been largely collected, over-and undernutrition data for adolescents are mostly unavailable and tend to have smaller sample sizes. 20 Additionally, adolescence is a period of dynamic molecular, cellular, somatic, and organismal changes, which are largely affected by genetics, nutrition, hormones, and physical activity factors. These exposures differentially affect linear growth and physical maturation and consequently render the measuring and interpreting of body sizes and proportions exceptionally challenging for adolescents. 21 To partially overcome these hurdles, age-and sex-specific growth standards have been derived for adolescent populations and are commonly applied to anthropometric data. Anthropometric data have been identified as the most universally accepted methods of assessing body composition and size. 22 This is due to several reasons, including that they are simple and straightforward to measure, inexpensive, and noninvasive, and have strong correlations with health gains and survival. Below, we describe anthropometric nutrition outcomes, including overweight and obesity and underweight (definitions in Box 1), and summarize the available literature on wasting and short stature among adolescents.
Adolescence is a crucial time period for the development of lifestyle and eating behaviors, giving this group an especially high risk for overweight and obesity. Accompanied by a decline in physical activity and overall diet quality, the transitional period from adolescence to adulthood (the emerging adulthood period) is particularly associated with an increased risk of excess weight gain. [23] [24] [25] A longitudinal study using nationally representative and ethnically diverse data from the National Longitudinal Study of Adolescent Health illustrates a doubling in the prevalence of obesity from adolescence to the early 20s in both males and females across all major ethnic groups in the United States. 26 Increased body adiposity among young people results in detrimental health and emotional and psychosocial consequences that are likely to persist into adulthood. 15 Associated conditions, such as increased cardiovascular risk factors, diabetes, high blood pressure, and abnormal glucose metabolism, pose major long-term health complications for later life.
Today, overweight and obesity affect one in every three adolescents worldwide and is of particular concern among girls. 27 The regional and country-level prevalence of overweight/obesity among females is shown in Figure 1 . Among all females younger than 20 years (irrespective of pregnancy status), the median prevalence of overweight and obesity (defined as children and youth > +1 SD and +2 SD from age-and sex-specific population reference BMI) is highest in the Eastern Mediterranean region (28%), followed by the Western Pacific (25%), the Americas (25%), and Europe (21%). About 15% of African and 9% of South Asian female children and youth are also overweight/obese. The widest within-region variability exists in the Western Pacific, where prevalence ranges from 5% to 66%. In 11 countries, the proportion of overweight and obese girls is almost 40% or more: Saudi Arabia (37%), Costa Rica (38%), Uruguay (38%), Egypt (40%), Libya (42%), Oman (42%), Kuwait (46%), Solomon Islands (49%), Tonga (53%), Micronesia (61%), and Kirbati (66%) (Fig. 1) . Obesity accounts for about one-third of the total prevalence of overweight/ obesity across all regions (Fig. S1 , online only).
Available data on the prevalence of underweight (i.e., thinness) among adolescent females (defined as proportion of youth < −2 SD from the ageand sex-specific population median BMI) are presented in Table S1 (online only). Across the five represented regions and about 60 countries, the prevalence of underweight in adolescent girls aged 13-17 years is generally less than 5%. However, in some countries, almost 10% or more of younger adolescent girls (13-15 years) are too thin for their age and height; these include the Maldives (18%), Vietnam (16%), Sudan (14%), Cambodia (13%), Mauritius (11%), Bangladesh (11%), Namibia (10%), Fiji (10%), Pakistan (9%), and the Philippines (9%). Within-region heterogeneity appears to be most disparate in the Western Pacific region, where underweight prevalence ranges from 0% (in many countries) up to 16% in Vietnam (Table S1 ).
Short stature, or stunting, has become the main indicator of chronic undernutrition owing to its high prevalence in all developing regions and its important implications for health and development. 15 Stunting is defined as having suboptimal linear growth (below 2 SD of the WHO heightfor-age standards) resulting from fetal and child malnutrition and frequent infections in early life. 28 Almost all stunting takes place within the first 1000 days, gradually accumulating from conception up to 24 months of age. 15, 29 Given the difficulty in reversing the effects of poor nutrition on attained height during this period, children affected often enter adolescence and adulthood stunted. 16 The long-term effects of stunting include delayed mental development, poor school performance, and reduced intellectual capacity, which can then translate into lower income and lower economic productivity at a national level. 15 Stunting is further linked to several noncommunicable diseases in later life, including cardiovascular diseases and diabetes. 30 Though data on the burden of stunting among young people globally are limited, it has been estimated that in some countries as many as half of all adolescents are stunted, reflecting persistent and cumulative effects of growth retardation from an early age. 31 Wasting, defined as low weight relative to height, is indicative of moderate acute malnutrition (below 2 SD of the WHO weight-for-height standards) or severe acute malnutrition (below 3 SD of the WHO weight-for-height standards).
32 Unlike stunting, which captures chronic exposure to undernutrition, wasting captures acute undernutrition over a shorter period of time. 32 In 2011, around 52 million children under 5 years of age globally suffered from wasting, 5% of whom were severely wasted. The extent and severity of wasting among adolescents is less clear compared with children under 5 years of age, although it is expected to be similar if not higher. 32 As it stands, standard indicators and cut-off points for measuring weight for height remain underdeveloped. 33 Mid-upper arm circumference-an easy and inexpensive means for assessing acute undernutrition (including among pregnant adolescents)-has proven useful for identifying at-risk adolescent populations. 34 However, its use is also limited by lack of established sensitivity and specificity cut-off levels. 34 Owing to these limitations in data collection and standard thresholds, there is a paucity of objective country and region level estimates of wasting among adolescents.
Micronutrient deficiencies
Micronutrient deficiencies account for a substantial part of the GBD, with iron and vitamin A deficiency ranking among the 15 leading causes of global morbidity and mortality. 5 Little focus has been given to micronutrient deficiency among adolescents, despite their increased nutritional vulnerability. 16 We thus present available nutrient-deficiency data for age groups 10-14 years (young adolescence), 15-19 years (mid-adolescence), and 20-24 years (older adolescence) and present DALY rates (per 100,000 people) by region, nutrient, and sex in Figure 2A -E. A summary of literature for key micronutrients for which objective country/regional level data was not available is discussed subsequently.
DALYs attributed to micronutrient deficiencies among youth are highest for iron deficiency and iron deficiency-related anemia, contributing to upward of 2500 DALYS per 100,000 adolescents among females in some geographies. Females often experience greater burden than males in middle to late adolescence ( Fig. 2A and 2B ). Iron deficiency and associated anemia is highest in South Asia, followed by sub-Saharan Africa, across all years and both genders; the Central Europe, Eastern Europe, and Central Asia region (hereafter known as Europe) have the lowest burden. Though South Asia persists as one of the highest burden geographies, it also experiences the greatest rate of decline from 1990 to 2015 across all age groups and both genders.
From the available micronutrient data, the burden from iodine deficiency is the next highest in this population (Fig. 2C) . Among 10-to 14-yearold females and all males, DALYs due to shortages in iodine ranged between about 20-140 per 100,000 people among global regions in 1990, with the highest levels found in South Asia, sub-Saharan Africa, and the MENA region. These levels decreased moderately from 1990 to 2015, though regional distribution remained about the same. Among 15-19 and 20-24 years olds, DALY rates are generally higher, and greater variation is observed between regions. Males generally have lower burden than females (Fig. 2C) .
Relative to iron and iodine, vitamin A deficiency appears to be less of a concern among adolescents, according to available DALY data (Fig. 2D) . From 1990 to 2015, DALYs ranged from about 0-9 per 100,000 people across age groups, sexes, and geographic regions. South Asia, sub-Saharan Africa, and the MENA region have the highest rates globally--each showing modest change over time. Disability from vitamin A deficiency is lowest in Europe. Similar trends exist across all age groups and both sexes (Fig. 2D) .
Burden data from all other nutritional deficiencies, including those in vitamins B, C, D, calcium, zinc, folic acid, selenium, and ascorbic acid, among others (Box 1), are presented in aggregate in Figure 2E . DALY rates from this amalgamated group range from 2 to 75 per 100,000 people. South Asia has the highest burden (two to three times higher than the next highest burden region) and also experiences the most decline from 1990 to 2015. Trends are similar across all adolescent ages. Females generally have greater disability from deficiencies in these nutrients than males.
In lieu of disaggregated data for key micronutrients, such as zinc, calcium, and vitamin D, we highlight the available literature on the burden of these deficiencies among adolescents. Adolescence is the second fastest growth period following infancy, characterized by high energy and nutrient requirements. 35 Zinc, calcium, and vitamin D are key micronutrients facilitating this critical developmental phase; zinc is crucial for promoting adequate growth and enhancing immunity and sexual maturation, and calcium and vitamin D are important for maximizing bone formation and ensuring lifelong bone health. 36, 37 Knowledge about the global deficiency prevalence of these micronutrients is limited owing to lack of nationally representative data. 15, 38 However, estimates indicate that 17% of the world population is at risk of zinc deficiency. 39, 40 Adolescents are vulnerable to zinc and calcium deficiencies, given the decline in zinc levels and the peaked increase in calcium demands during the adolescence period. 36, 41 Although vitamin D deficiency affects all age groups and varies by season, latitude, race, and ethnicity, evidence suggests a relatively high prevalence of vitamin D insufficiency among adolescents in various countries around the world, including several European countries, the United States, New Zealand, and Lebanon. [42] [43] [44] [45] [46] [47] [48] Pregnant adolescents have increased risks of developing deficiencies in all three micronutrients, owing to the competing growth and developmental needs of the fetus, which in turn can impede the mother's full growth potential and contribute to poor pregnancy and child health outcomes.
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Dietary Risk Factors Healthy food intake. Adolescence is a critical growth period in the human life cycle, during which nearly 45% of adult bone mass and 15% of adult height are gained. 41 Adolescents thus have higher protein and energy requirements than any other age group, averaging approximately 2420 kcal per day. 33, 36 As noted in Figure 3 , the burden of disability from protein energy malnutrition among young people is visible in many regions of the world. DALY rates appear lowest in Europe, which hover at less than 10 per 100,000 people. The burden is greatest in sub-Saharan Africa, especially among 10-to 14-year-old females (where DALYS range from 100 to 320 per 100,000) and among males of all age groups. These groups have also experienced notable improvements in reducing protein energy deficiency since 1990.
Particularly in developing countries, several studies have sought to capture specific dietary risks among adolescents globally, including fruits and vegetables, sodium, sugar, and solid fat and added sugar (SoFAS) consumption. Our search retrieved limited objective country-and regional-level data on dietary intake among adolescents, and we thus summarize the available literature. SoFAS are a source of empty calories with virtually no nutritional value. 50 Taken in excess, they can not only drive energy intake above caloric needs, but also lead to displacement of more nutrient-rich foods. [51] [52] [53] SoFAS form a key dietary risk for children and adolescents, given their significant contribution to increasingly obesogenic environments by means of processed food items. 50 A quantitative review of determinants of fruit and vegetable consumption in children and adolescents worldwide illustrated low overall consumption levels. These levels increased with age and were higher among males than females and among those with lower socioeconomic status (SES). 54 Two studies using nationally representative data from five and seven countries in Asia and Africa illustrated a 76.3% and 77.5% prevalence of insufficient fruit and vegetable intake, respectively, among adolescents aged 13-15 years. 55, 56 While no variations by age, sex, or SES were found in the Asia study, the Africa study showed an increase in lower fruit and vegetable prevalence with age, and a higher prevalence among males than females and among those with lower SES. 55, 56 A review assessing salt intake worldwide found similar variations among children and adolescents, as well as overall high estimates of sodium consumption in these age groups. 57 In an analysis of worldwide sugar consumption, school-aged children and adolescents had higher consumption levels of added sugar (i.e., sugar added to foods and beverages during production) compared with any other age group. 58 A review of trends in 13 developed countries illustrated a decrease in sugar intake among adolescents, with the exception of Denmark and Germany, where sugar intake increased among adolescent males and decreased among adolescent females. 59 An overall decrease was also found in SoFAS consumption among children and adolescents in the United States between 1994 and 2010, from 39% to 33% of total energy intake, respectively. 60 Nonetheless, SoFAS consumption in the United States still exceeded the recommended limit of 5-15% of total energy intake, with solid fats accounting for a greater proportion of total energy intake than added sugars. 60 With the exception of one study in Brazil, which revealed high levels of SoFAS intake among adolescents (54% of total energy intake), studies on SoFAS in other countries are lacking.
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Diet diversity and food insecurity. High-quality diets consist of an adequate micronutrient intake; a balanced intake of protein, carbohydrates, and fats; and a moderate consumption of unhealthy foods. 62, 63 Dietary diversity is widely recognized as a key component of high-quality diets, as consuming a variety of foods across and within different food groups helps ensure adequate levels of essential nutrients. 64 Resource-poor settings are generally characterized by consumption of monotonous diets. 65 These low-quality diets place adolescents at increased risk of developing various micronutrient deficiencies. 15, 66, 67 An analysis of dietary quality across 187 countries between 1990 and 2010 illustrates overall improvement in the consumption of healthy, diverse foods in high-income and middle-income countries. 68 By contrast, little or no improvement was seen in low-income countries. 68 Food insecurity is likely a key contributing factor to this lack of improvement.
Defined as an inability to access adequate food sources for the sustainability of healthy and active living, food insecurity is linked to both poor diet quality and uncertainty surrounding the food environment. 69 Insecure access to food is also associated with increased risk for developing mental disorders, obesity, and overall negative psychosocial and physical health outcomes. [70] [71] [72] [73] In addition, it can have negative impacts on school attendance and achievement, employment options, and reproductive decisions. 74 In extreme cases, food insecurity can lead to risky behavior among adolescents, such as engaging in criminal activity and sexual exploitation in exchange for food. 75 The results of an Ethiopian study demonstrated that, in food-insecure households, female adolescents were more likely to experience inadequate access to food than their male counterparts. 69 According to recent estimates, 795 million people worldwide or approximately one in every nine individuals were undernourished from 2014 to 2016. 76 With over 780 million of these individuals living in developing countries, food insecurity has posed an increasing threat to global public health. 76 In 2015, approximately 12.7% of households in the United States were considered food insecure owing to a lack of money and other food resources. 77 In addition, approximately 6.8 million adolescents 10-17 years of age do not have access to adequate sources of affordable and nutritious food. 75 Progress toward reducing food insecurity has varied over time and across geographic regions, with Latin America, the Caucasus and Central Asia, Eastern Asia, and Northern Africa advancing substantially. 76 Southern Asia and sub-Saharan Africa, however, have progressed more slowly and continue to account for the largest share of the global burden of undernutrition. 76 It is important to note that the bulk of the data included in the studies were primarily based on study populations in the United States and to a lesser extent in Europe. Therefore, while useful for providing a snapshot of dietary risk and insecurity levels and trends globally, more rigorous data from developing countries are needed to adequately capture nuances, particularly those of gender, which may have been missed in the analyses. Nonetheless, poor dietary habits, lack of diet diversity, and food insecurity are widespread globally, and, particularly among adolescents, targeted interventions to improve dietary attitudes and behaviors are urgently needed.
Metabolic risk factors and diabetes
Metabolic syndrome (MetS) in adults has been defined as a cluster of interrelated risk factors for the development of atherosclerotic cardiovascular disease and type 2 diabetes mellitus. 78 Among other metabolic abnormalities, these risk factors include obesity, insulin resistance, hypertension, high cholesterol, dyslipidemia, and increased fasting plasma glucose. 78, 79 Along with the growing global obesity epidemic, the prevalence of MetS has been steadily increasing among adolescents. 80 Although a universally accepted classification has not yet been formed for this young population, a school-based study of North American adolescents using both Adult Treatment Panel III and WHO criteria measured a 4.2% and 8.4% prevalence of MetS, respectively. 81 The burden of high fasting plasma glucose (Fig. 4A) appears to be highest among emerging adults aged 20-24 years whose DALYs from this condition range about 100-275 per 100,000 people. Among females aged 10-24 years and males aged 10-14 years, DALY rates are generally higher in the MENA region and in Latin America/the Caribbean; Europe consistently has the lowest burden. Current estimates suggest that 20-30% of young people are living with a chronic illness, particularly diabetes. 7 DALY rates attributable to diabetes mellitus (including types 1 and 2) increase with age among adolescent boys and girls (Fig. 4B) and are generally higher in the MENA region and Latin America/the Caribbean. Not surprisingly, trends in diabetes burden track virtually identically with those of high plasma blood glucose burden (above).
Recent studies have suggested that many biological mechanisms related to metabolic conditions in adulthood function during childhood and adolescence and that the syndrome may originate as early as the fetal development stage. 80, 82 As a contributor to future disease, atherosclerosis and fibrous plaque accumulation are known to begin in early life and are evident throughout the period of adolescence. 83 While most cardiovascular disease events and the diagnosis of type 2 diabetes occur in adulthood, many of their precursors originate in early life. 84 Substantial evidence also suggests that increased blood pressure during early development is a strong predictor for clinical hypertension. 85 The period of adolescence has therefore proven crucial to the prevention, early detection, and management of the MetS and subsequent adverse conditions, including diabetes. Effective interventions in this vulnerable yet receptive time period are thus essential.
Behavioral risks
Positive lifestyle and behavior choices during adolescence, such as regular physical activity, can produce long-term health benefits. Physical activity, defined by the WHO as "any bodily movement produced by skeletal muscles that requires energy expenditure-including activities undertaken while working, playing, carrying out household chores, travelling, and engaging in recreational pursuits" is essential to maintaining good health and preventing many noncommunicable diseases, such as obesity, cardiovascular disease, cancer, and diabetes. 86 Children and adolescents are recommended to do at least 60 min of moderate-to vigorous-intensity physical activity daily; anything less than this is considered insufficient. 86 The prevalence of insufficient physical activity among adolescent females aged 11-17 years is more than 80% globally, and minimal variation exists between and within geographical regions (Fig. S2, online only) . Trends were similar among boys, though prevalence was slightly lower (about 75% globally) (data not shown). These trends suggest that adolescents across all countries and geographic regions equally suffer from low physical activity, and, furthermore, they risk the short-and long-term health consequences of sedentary lifestyles. Key interventions to encourage healthy and active lifestyles, whether individual or school or community based, are direly important for the young population globally.
Reproductive health risks
Pregnancy during adolescence elicits a competition for nutritional resources, which can lead to malnourishment and underdevelopment, slowed growth, and stunting in the mother. 87, 88 Stunted adolescent girls are at greater risk of nutritional depletion during pregnancy, and the increased nutritional demands associated with fetal growth often lead to further stunting. 88, 89 In addition, stunting in adolescent girls is associated with increased risk of developing cephalopelvic disproportion, a condition in which a mother's pelvis is too small for the infant to pass through. This often results in obstructed labor, a major cause of maternal mortality. 90 Short maternal stature has further implications on the offspring, resulting in fetal growth restriction, low birth weight, and preterm birth, which in turn increase the likelihood of childhood stunting and chronic diseases in later life. 15, 19, 31, 91 In this way, an intergenerational cycle of undernutrition is formed. 31 It is equally important to consider the intergenerational cycle of overnutrition. Maternal overweight and obesity during pregnancy not only increases risk of pregnancy complications, caesarean delivery, and infant morbidities, but it also increases the propensity of infants to develop obesity and metabolic diseases during childhood and in later life. 92, 93 Overall, the intergenerational cycle of malnutrition illustrates the importance of targeting adolescent girls as part of a life-cycle approach.
With 90% of adolescents living in low-and middle-income countries, many girls in this age group remain vulnerable to early marriage and pregnancy. 12, 91, 94 More than 11% of infants worldwide are being born to adolescent females. 95 Fertility rates among adolescents are highest in Africa (about 95 births per 1000 girls aged 15-19 years), followed by the Americas (almost 60 births per 1000 girls) (Fig. S3, online only) . The Eastern Mediterranean, Southeast Asia, and the Western Pacific have on average between 20 and 30 births per 1000 girls aged 15-19 years. Similarly, the prevalence of birth by 15 years of age is highest in Africa (almost 10%), whereas the prevalence in other regions is 5% or lower (Fig. S4, online only) . First birth by 18 years of age, however, occurs in approximately 35% of African girls, in about 20-25% of girls who reside in the Americas, the Western Pacific, and Southeast Asia, and 17% of girls in the Eastern Mediterranean region (Fig. S5, online only) .
These high fertility rates and early marriages in developing countries are of particular concern and foreshadow a perpetual vicious cycle of early pregnancies, hindered normal growth processes (such as linear bone growth, peak bone mass development, and maturation of the pelvis and birth canals), leading to poor maternal and child outcomes. 16, 30 A focus on decreasing early marriage and increasing uptake of contraception and birth spacing among adolescent girls is critical.
Summary and conclusion
Despite their large population and critical role as the next generation, our results paint a less than ideal nutritional situation affecting adolescents globally.
However, a few limitations of this study must first be acknowledged. Though we have tried to collate all available data and evidence on young people's nutrition, there was a clear paucity of data in some nutrition domains. In these areas, we often relied on modeled-estimates methods, which have their own limitations. For example, incomplete or partial data inputs would result in wide confidence intervals around the estimates. Additionally, inclusion of poor-quality information from health management information systems or country surveys could result in numbers that also vary from true rates. Despite these limitations, the GBD 2015 study attempted to circumvent these challenges by (1) employing Bayesian methods to draw on priors from neighboring regions with similar characteristics and (2) conducting thorough data quality assessments as needed. A further discussion of GBD-estimation processes, especially as pertaining to adolescent populations, is available elsewhere. 10 Importantly, having some estimates rather than no estimates has clear benefits, and the information presented here can be used to start several important conversations on adolescent nutrition. Moreover, this will hopefully lead to collecting much-needed data to fill this gap.
Overweight and obesity are at epidemic levels, with about one in three adolescents affected worldwide. Though extra body adiposity has been a known health concern in the West for several years, the high levels in the Eastern Mediterranean and Western Pacific regions are particularly alarming. These predominantly low-and middle-income countries now face a dual burden of malnutrition with, in some cases, epidemic levels of high BMI, underweight, and stunting. Further compounding these conditions are the high levels of poverty, which lead to food insecurity, poor diet diversity, and lack of access to nutritious food in low-resource settings. 15 High-income countries in the Eastern Mediterranean and Western Pacific and globally are already grappling with more than 40% of their adolescents being overweight or obese. Though data were sparse, the evidence suggests that many adolescents (especially older adolescents) in the same high-burden regions suffer from additional metabolic conditions, such as high fasting plasma glucose and high levels of diabetes mellitus, putting them at further risk of developing cardiovascular complications. Lifestyle factors, such as decreased added sugar intake and regular physical activity, are one way to prevent and manage obesity and other metabolic risks. However, with the majority of adolescents globally reporting high added sugar intake and lacking sufficient physical activity compared with other age groups, these are areas that need prompt and concerted intervention.
Owing to the rapid physical growth that occurs during their development, adolescents also have an increased need for calcium, zinc, vitamin D, iron, and other essential micronutrients, leaving them vulnerable to deficiencies when requirements are not met. [96] [97] [98] Our study also found that iron is one of the most common micronutrient deficiencies among adolescents. Deficiencies pose a bigger threat among mid-adolescents and older adolescents, particularly in South Asia and sub-Saharan Africa. These findings are not surprising, as previous studies have reported these nutrient deficiencies affecting at least a third of the world's population, mainly in developing countries. 15 However, South Asia and sub-Saharan Africa have also made the most dramatic improvements in reducing the burden from many micronutrient deficiencies. Though a thorough review of the drivers of improvement is out of the scope of this review, contributing factors could be related to concomitant progress in national socioeconomics, health awareness, and widescale fortification programs. These success factors should be thoroughly studied and understood to sustain and further scale up gains for young people in these regions. Zinc, calcium, and vitamin D are also important for growth and development in this age group, and, despite poor data availability, levels of these nutrients appear to be low.
Owing to increased nutritional requirements and the development of important diet-related behaviors, the period of adolescence can be considered a vulnerable time period during which optimal nutrition is critical. We found that adolescents globally are consuming less than adequate amounts of fruits and vegetables and alarmingly high levels of sodium, sugar, and SoFAS. Additionally, the burden of protein energy deficiency is high particularly in low-resource regions of the world, including subSaharan Africa. These rampant poor diet choices that preclude benefit from ingested nutrients pose a significant threat for the adolescent body to develop, grow, and strengthen as needed. Vital interventions are needed to address these concerning issues among adolescents.
Globally, 16 million adolescent girls give birth each year, making their nutrition status an important area of concern.
31 Adolescent girls, who are subject to different forms of gender inequity, from lack of access to adequate food to early marriages and high fertility rates, are not only vulnerable to a risk of nutritional depletion, but also to poor pregnancy and birth outcomes. 16 Our study found that prevalence of birth in teenage years, especially before age 18, is a concerning issue in most low-and middleincome countries. Researchers need to consider the adverse impacts of high fertility and early pregnancy on the mother and child, inasmuch as this is a space that direly needs innovative and culturally accepted modalities of reproductive and fertility intervention uptake. Adolescent maternal preconception nutritional supplementation also has profound implications on fetal and infant growth, as well as childhood and future development, and could be an avenue to consider for further intervention. An investment in adolescent female nutrition specifically presents an opportunity to break the intergenerational cycle of malnutrition and improve health across all stages of the life course. 7 Although optimizing nutrition among adolescents provides a promising means for improving health across the life span, global efforts to do so continue to be insufficient. Despite being widely recognized, interventions for adolescent nutrition have only been implemented in fewer than half of the countries that have signed up for the Scaling Up Nutrition movement. 31 In addition, efforts have often failed to recognize adolescents as a distinct group, separate from the needs and capacities of mothers and children. 31 In order to capitalize on the adolescent period as a crucial window of opportunity for improving nutrition, global prevention strategies, multisectoral policies, and coordinated efforts between governments, organizations, and communities are crucial. It is also essential for policies and strategies to be translated into practice to effectively reach adolescents. School-based interventions have been shown to be successful in promoting nutrition in this age group. For example, the distribution of iron and folic acid supplementation in schools has had a positive impact in reducing anemia prevalence among adolescent girls in lowand middle-income countries. 70 In addition, peerled interventions have contributed to weight loss and an increase in healthy-living knowledge among school-aged youth. 99 Nevertheless, more empirical evidence is required for establishing the most effective nutrition interventions for adolescents. 31 As a vital resource, adolescents themselves should also be consulted in the design and implementation of programs and policies that affect their health and nutrition.
Finally, our analyses revealed that there is a general lack of objective, comparable, and high-quality data on adolescent nutrition. The lack of data likely stems from the difficulty in assessing nutritional status among adolescents using anthropometric indices, considering the dynamic growth and developmental changes that ensue during the adolescence period. 33 Although there is a need for further development on the adolescent front, anthropometry remains a useful tool for monitoring growth and nutritional status among adolescents. 16 Therefore, in addition to commonly collected data on overweight and obesity, immediate consideration is required for improved monitoring and data collection on wasting and stunting in this population. Collection of underweight data should also be improved; evidence from field and survey data suggest that the prevalence of underweight adolescents may be significantly higher than reported in this study in many high-burden countries (e.g., 25% or higher). Data on micronutrients that are difficult to measure, such as calcium, zinc, and vitamin D, are also lacking. This information would be best collected as biomarkers (if accessible), though proxy measures, such as dietary intake, would suffice in the interim or where not feasible owing to lack of resources or other logistical limitations. Moreover, dietary intake and diversity information are virtually invisible in this age group, particularly in lowand middle-income countries. This, in addition to data on risk and development of metabolic conditions, is critical to monitoring the nutritional profile of young people.
Young people between the ages of 10 and 24 years make up almost two billion of the world's population today. Though this transitional life stage comes with several unique challenges, it also provides a platform for unparalleled opportunities. Investing in nutrition interventions in this population will provide cascading gains, not only in encouraging catch-up gains from lost nutrition in childhood, but also in improving overall nutrition, health, and wellbeing of the youth and their offspring and serving to protect against long-term disability from noncommunicable diseases. To this end, an accelerated agenda focused on direct and indirect targeting of key nutritional areas among young people is a vital next step.
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